We report the demonstration of coherent population trapping of an electron spin by means of coherent optical spectroscopy of a single negatively charged quantum dot. When two coherent optical fields match the two photon Raman resonance of a three level Lambda system, quantum interference traps the population in a coherent superposition of the two ground states. This coherent population trapping (CPT) [1] and the dark state it forms in the absorption spectrum is the central physics behind electromagnetically induced transparency [2, 3] and slow light [4] . By varying the ratios of the Rabi frequencies of the two optical fields, the dark state can also be used to initialize the two ground states into an arbitrary superposition state. Here, we report the observation of the coherent spin trapping of an electron in a single self-assembled quantum dot [5] .
When two coherent optical fields match the two photon Raman resonance of a three level Lambda system, quantum interference traps the population in a coherent superposition of the two ground states. This coherent population trapping (CPT) [1] and the dark state it forms in the absorption spectrum is the central physics behind electromagnetically induced transparency [2, 3] and slow light [4] . By varying the ratios of the Rabi frequencies of the two optical fields, the dark state can also be used to initialize the two ground states into an arbitrary superposition state. Here, we report the observation of the coherent spin trapping of an electron in a single self-assembled quantum dot [5] .
Our system is a single InAs self-assembled quantum dot embedded in a Schottky diode held in a magnetocryostat at 5K [6] . The dot is charged with one electron and a magnetic field is turned on in the Voigt geometry, turning on the spin flip Raman transitions. The two electron ground states and the two upper trion states form a four level system, from which we select a three level lambda sub-system (Fig 1a) . A fixed pump laser (red in the figure) is resonant with one leg of the transition while a probe laser (green in the figure) scans across the other leg.
Fig 1b shows the probe absorption spectrum for various pump Rabi frequencies, Ω d . When the pump and probe match the two photon Raman resonance condition, a dark state is formed, clearly seen in the figure. The two Rabi sidebands are the result of Aulter-Townes splitting [7] . The probe absorption spectrum in our experiment is the combination of both the Autler-Townes effect and the CPT effect. The central feature cannot be described as a simple summation of the Lorentzian tails of the Autler-Townes doublet.
We fit our data by solving the standard optical Bloch equations (red lines in Fig. 1b) to first order in the probe field and all orders in the pump field and find the electron spin decoherence rate of (40 ± 12) MHz. This corresponds to an electron spin T 2 * of 4ns. Since our experiment is the result over many averages, the measured coherence time is not the intrinsic T 2 , due to interactions between the electron spin and the nuclear ensemble.
Using parameters extracted from our fits, we can calculate the amount of spin coherence, ρ X+X− , we have generated. The red curve in Fig 1c shows the experimentally generated coherence, while the green curve shows the ideal coherence in the absence of any spin dephasing (both curves use the left vertical axis). The blue curve in the figure (using the right vertical axis) is a ratio of the experimentally generated coherence to the idea, and the blue dotted vertical lines indicate the experimentally applied pump power.
Our work is a successful realization of coherent population trapping of a single electron spin in a selfassembled quantum dot. Our work allows us to initialize our electron spin into an arbitrary superposition at a gigahertz rate, an important result for potential devices in quantum information. experimentally generated coherence inferred from optical Bloch equation calculations using experimental parameters. Green curve: coherence generated in the absence of spin dephasing. Blue curve: the ratio of experimentally generated coherence versus the ideal coherence, plotted to the right-hand axis.
